Introduction
In recent years several bat viruses have been discovered, most appear to have little deleterious effect on their hosts (Calisher et al., 2006; Wynne and Wang, 2013) . These unique and benign virus-host relationships are likely a byproduct of evolutionary adaptations to flight and long-term associations between the bats and their viruses (Schountz, 2014) . In addition to simply satisfying scientific curiosity, a better understanding of these unique relationships may provide clues to mitigating the much more serious pathologic virus-host interactions in other species.
Gammaherpesviruses are a sub-family of Herpesviridae with a primary tropism for cells of lymphoid lineage (David M. Knipe, 2013) . Gammaherpesviruses establish latent infections in long-lived lymphoid cells and in some cases cause neoplasias, such as Burkitt's lymphoma and Kaposi sarcoma in humans (Jha et al., 2016) . One of the challenges in studying the reactivation and pathogenesis of these oncogenic viruses is the lack of a suitable animal model (Grinde, 2013) . Murine Gammaherpesvirus-68 in mice, the model used most extensively, is not ideal as the virus is not readily transmitted between laboratory mice (Aligo et al., 2015) . Previous studies have shown that bats and primates harbor a large diversity of Gammaherpesviruses that might have led to higher chances of cross-species transmission from these taxa to other mammals (Ehlers et al., 2008; Escalera-Zamudio et al., 2016; Zheng et al., 2016) . Therefore, a naturally occurring Gammaherpesvirus in a readily accessible bat species may provide us with vital information on evolution of these viruses and serve as a model for studying pathogenesis.
Even though there are a few reports of detection of Gammaherpesvirus genomes (Molnar et al., 2008; Paige Brock et al., 2013; Watanabe et al., 2009) , and a single report of isolation of a Gammaherpesvirus from bats (Shabman et al., 2016) , knowledge about bat Gammaherpesviruses is limited. As bats do not appear to normally display viral pathology, studying a Gammaherpesvirus in its natural bat host may provide information about novel co-evolutionary adaptations that lead to balanced and benign host-virus relationships.
Here, we report the discovery, isolation and characterization of a novel bat Gammaherpesvirus from the lungs of a North American big brown bat (Eptesicus fuscus). We provisionally name the virus, E. fuscus Herpesvirus (EfHV). The morphology and protein composition of EfHV are similar to those of other herpesviruses. Furthermore, we obtained the sequence of its genome, determined its ability to infect cells from several mammalian species and characterized its growth characteristics. A comparison of the sequence of EfHV with those of other herpesviruses indicates that the virus is closely related to other bat Gammaherpesviruses. In addition to transducing host cytokine genes like interleukin 10 (IL-10), the EfHV genome is unique among Gammaherpesviruses in that it contains the coding sequences for four putative host MHC-I antigens and one MHC-II antigen.
Results

Isolation of a novel herpesvirus from lungs of a big brown bat (E. fuscus)
As part of ongoing surveillance of viruses in local North American bats, we observed cytopathic effects in EfK cells, a big brown bat kidney cell line , inoculated with a homogenate of lungs from a big brown bat submitted to the Canadian Wildlife Heath Cooperative (CWHC). Using pan-herpesvirus primers in a PCR (Ehlers et al., 1999) we established the presence of a herpesvirus. To further confirm this, we performed electron microscopy on the cells and observed virus particles having herpesvirus-like morphology ( Fig. 1-A , B and C). In addition to microscopy of the cells, we observed herpesvirus particles in negative stained preparations of purified virus ( Fig. 1-D) .
Genome sequencing of EfHV
To determine the nucleotide sequence of the EfHV genome, we used a combination of paired-end (Illumina MiSeq) and long read (Oxford Nanopore) sequencing. We obtained 1458,704 paired-end reads from an Illunima Mi-seq run, and de-novo assembly on these reads (using Geneious Assembler (Kearse et al., 2012) ) led to the assembly of contigs of a maximum of~100 kb. As we were unable to join all the contigs, we resorted to performing a long read sequencing i.e. Nanopore sequencing, from which 27,002 long reads were obtained. Finally, we used Geneious assembler to combine the long reads and the paired end reads in order to get the complete genome of the herpesvirus which is 166,748 bp with a GC content of 59.6% (NCBI Accession number MF385016) (Kearse et al., 2012) . The arrangement of the sequence contigs was verified by restriction enzyme mapping (Supplementary Figure 1) . We annotated the genome based on results of BLASTp comparisons of predicted open codon reading frames (ORFs) (Rastogi, 2000) from the assembled sequence to all sequences in the NCBI database, which resulted in the successful identification of 75 genes (Table 1, Fig. 2 ). Repeats in the genome were identified using Geneious R10 (Kearse et al., 2012) .
The genome length of EfHV was well within the range of known herpesviruses, i.e. 124-295 kb (David M. Knipe, 2013) . Based on BLASTp percent similarity, most of the genes matched with orthologues in other Gammaherpesviruses. Within the first 8 kb of the 5' end of the genome, we detected four putative major histocompatibility complex (MHC) class I genes and one MHC class II gene (Fig. 2) . In addition to MHC antigens, we detected an interleukin-10 homolog in the genome. We verified expression of all the MHC-I, MHC-II and IL-10 homolog genes in bat cells infected with EfHV by analyzing transcripts from virus-infected cells -we used quantitative real time PCR (qRT-PCR) followed by analysis of the products by agarose gel electrophoresis (Supplementary Figure 2) and determined their nucleotide sequence. EfHV also encoded proteins similar to the latency associated nuclear antigen (LANA1) and replication and transcription activator (Rta), proteins that are key regulators of Kaposi sarcoma virus latency and lytic cycles (Groves et al., 2001; Sun et al., 1998) .
EfHV belongs to the Genus Rhadinovirus in Gammaherpesvirinae
We initially compared the amino acid sequence of the entire DNA polymerase protein of EfHV with that of homologues in representative alpha, beta and gammaherpesviruses (Supplementary Figure 3) . EfHV clustered with Gammaherpesviruses, and most closely aligned with the Rhadinoviruses Kaposi's sarcoma herpesvirus and Saimirine herpesvirus 2. We next aligned the amino acid sequences of the DNA polymerase and glycoprotein B gene of representative viruses from Gammaherpesvirinae based on sequences reported by Escalera-Zamudio et al. (2016) Table 1 Genome annotation of EfHV and its similarity with other herpesviruses. The first and second column shows the nucleotide range and the orientation of ORFs on the EfHV DNA respectively. The third column indicates the superfamily to which the protein belongs, and the fourth column shows the closest match obtained after BLASTp search of the translated ORF against the NCBI database. The BLASTp similarity and percent coverage of the closest match is indictated in the fifth and sixth columns, respectively. The last three columns represent the coding of the ORF in three different formats used for viruses belonging to Gammaherpesvirinae.
Start and End location on genome (Supplementary Table 1 ). As complete sequences were not available for all viruses, we aligned sequences from portions of each protein that were common to all sequences. Maximum-likelihood trees were constructed using MEGA7 (Kumar et al., 2016 ) using LG+G phylogenetic model for DNA polymerase ( Fig. 3(A) ) and LG+G+I for glycoprotein B (Fig. 3(B) ) genes, as determined by ProtTest 3.4.2 (Darriba et al., 2011) followed by 500 bootstrap replications. In both the trees, EfHV sequences were found to cluster with those of other bat Rhadinoviruses. EfHV sequences most closely resembled those of bat Rhadinoviruses detected in Myotis nattereri (MYNARHV1, in Fig. 3A ) and Pipistrellus nathusii (PIPNARHV1), both of which are European bats, and Eptesicus serotinus (EPSERHV1), a Eurasian bat.
Cell tropism of EfHV
To understand the spectrum of species that EfHV could infect, we infected different cell lines (bat kidney epithelial cell line), mouse (embryonic fibroblast cell line), canine (kidney epithelial cell line), bovine (kidney epithelial cell line), feline (kidney epithelial cell line), hamster (kidney fibroblast cell line), porcine (kidney epithelial cell line), rabbit (kidney epithelial cell line), human (kidney epithelial cell line), equine (skin fibroblast cell line) and monkey (kidney epithelial cell line) with EfHV at a multiplicity of infection of 1 plaque forming unit (pfu) per cell, followed by inactivation of extracellular residual virus. We then measured virus yields 42 h after infection. Virus yields were highest from bat cells (EfK). Human, monkey, feline and porcine cell lines yielded moderate amounts of virus whereas mouse, hamster, canine, and bovine cells produced low levels of virus. Rabbit and equine cells did not yield virus (Fig. 4) .
Growth kinetics of EfHV
We infected bat cells with EfHV followed by inactivation of extracellular residual virus. We quantified the virus at various time points following infection to plot a one-step growth curve. Virus yields increased 12 h after infection and continued to increase up to 48 h (Fig. 5 ).
Protein composition of EfHV
To identify EfHV proteins present in the virion, we performed mass spectrometry on segments of a polyacrylamide gel used to separate virion proteins. A comparison of the masses of separated tryptic peptides with EfHV ORFs confirmed the identity of the ORFs (Table 2 ). In addition, proteins present in EfHV virions resembled those in other Gammaherpesvirus virions (Bortz et al., 2003) .
Prevalence of EfHV in Canadian big brown bats
Using PCR, we detected EfHV DNA in blood cells from 20 of 28 bats (71%). The 250 bp PCR product detected was the same size as the PCR product obtained from EfHV genomic DNA (positive control). The identity of the products was confirmed by determining their nucleotide sequences. Although most bats appeared to be infected with EfHV, we were unable to detect virus neutralizing antibodies in the plasma of any of the bats.
Discussion
Gammaherpesviruses have been studied in human and other animal hosts, but very little is known about these viruses in bats. Here, we report the characterization of a novel Gammaherpesvirus isolated from E. fuscus, the North American big brown bat. Thus, we named the virus E. fuscus herpesvirus. We determined the complete sequence of the viral genome and its phylogenetic relationship to existing
Gammaherpesviruses. We discovered that EfHV is structurally similar to other Gammaherpesviruses. The protein composition of EfHV is also similar to that of other Gammaherpesviruses (Bortz et al., 2003) . While Gammaherpesviruses have been detected in other bat species, the Myotis Gammaherpesvirus 8 is the only other bat Gammaherpesvirus that has been isolated (Shabman et al., 2016) . This virus belongs to the genus Percavirus within Gammaherpesvirinae along with Equid herpesviruses 2 and 5. A comparison of two EfHV ORFs with the partial reported sequences from other bat Gammaherpesviruses revealed that it is related to European and Eurasian bat Gammaherpesviruses, which also belong to the genus Rhadinovirus. Since many of the sequences used in this analysis were incomplete and represented a conserved portion of the DNA polymerase and gB proteins, the boot strap values for several of the other nodes tended to be low. Although databases contain complete genomes of Gammaherpesviruses isolated from other mammals, existing sequences of bat Gammaherpesviruses in the NCBI database are limited to short sequence segments or partial genomes. The EfHV genome is the first bat Gammaherpesvirus whose complete sequence has been determined, including repeated sequences. In addition to ORFs with strong similarities to those of other Gammaherpesviruses and an ORF resembling mammalian IL-10, which is also transduced by other Gammaherpesviruses, we found four ORFs that resembled putative MHC-I and one that resembled putative MHC-II in the 5' end of the genome. These were not sequencing artefacts because of accidental sequencing of host DNA or because of assembling errors, since we confirmed the assembly of contigs by comparison with long stretches of contiguous sequences generated by Nanopore sequencing, and also by restriction endonuclease mapping. Protein BLAST of these MHC antigen sequences allowed us to select the MHC sequences of other species that resembled the EfHV MHC sequences. Based on these sequences, we performed phylogenetic analysis and showed that one of the MHC I antigens, matched those of other bat species (Fig. 6 (E) ), implying that the virus might have acquired them during virus-host coevolution. Another MHC I antigen, closely resembled that of a rodent species (Fig. 6(A) ). For the remaining MHC I and II antigens, the sequences did not cluster with any species (Fig. 6(B) , (C) and (D)). Previously, MHC I antigens have been discovered in Betaherpesviruses (Rawlinson et al., 1996; Schleiss et al., 2008; Vink et al., 2000; Zhang et al., 2012) and in one rodent Gammaherpesvirus (Loh et al., 2011) . These MHC antigens might have a role to play in the immune evasion mechanisms of the virus. In-vivo studies using a Betaherpesvirus (murine cytomegalovirus) has revealed that the absence of MHC I homologues led to restricted virus replication in the host (Farrell et al., 1997) . Such MHC I homologues might serve as decoy ligands to allow virus to hide from natural killer cells, which are specialized to detect and target cells that have lost MHC class I (Sun and Lanier, 2009) . Although MHC II homologues are present in a bat Betaherpesvirus (Zhang et al., 2012) , this is first time that an MHC II homolog has been detected in a Gammaherpesvirus. The MHC class II homolog may have a role to play in interfering with antigen presentation to CD4+ T cells. Further studies in this direction might reveal a novel immune evasion strategy.
EfHV was shown to grow in cells from humans, monkeys, cats and pigs, and to a lesser extent in canine, bovine, and rodent cells. Although Gammaherpesviruses show narrow species tropism in-vivo (Barton et al., 2011) , they are able to produce non-permissive (or latent) infection in many cell lines apart from those of their primary host (Ackermann, 2006; Bechtel et al., 2003; Donofrio et al., 2002) . Our results indicate that EfHV could productively infect cultured cells of mammalian species like human, monkey, feline and porcine, consistent with what had been previously described for bat Gammaherpesviruses (Ehlers et al., 2008; Escalera-Zamudio et al., 2016; Zheng et al., 2016) . As the ability of a virus to grow in a cell line derived from an animal does not necessarily confirm its tropism for that species, further studies would be needed to understand the in-vivo susceptibility of these animals to EfHV.
We detected EfHV in the blood of over 70% of bats tested (20/28). However, our study involved populations of captured bats kept in two hibernating chambers, so we cannot rule out the possibility of transmission during hibernation. Further field studies would provide us with more robust evidence of EfHV prevalence in big brown bat populations. Despite detecting EfHV DNA in the blood of most big brown bats, we failed to observe any neutralizing antibodies against EfHV in bat plasma. In the absence of a neutralizing plasma as a positive control, it is difficult to state with certainty the sensitivity of the assay. Nonetheless, this would serve as a preliminary data regarding antibodies against EfHV in big brown bats. Waning IgG antibody in bats has also been noted in other viral infections like Nipah (Halpin et al., 2011; Middleton et al., 2007; Sohayati et al., 2011) , Hendra (Halpin et al., 2011) , Japanese Encephalitis (van den Hurk et al., 2009), and Marburg (Schuh et al., 2017) suggesting transient antibody responses to viruses in several species of bats. Our report provides the first complete sequence of a bat Gammaherpesvirus, EfHV, that appears to belong to the genus Rhadinovirus in Gammaherpesvirinae. It is unique among Gammaherpesviruses in transducing MHC II genes.
Methods
Ethics statement
All procedures related to the handling and euthanasia of bats were submitted to and approved by the Committee on Animal Care and Supply of the University of Saskatchewan Animal Research Ethics Board (protocol #20090036) and were in accordance with regulations approved by the Canadian Council on Animal Care.
Bats
A male bat was submitted to the Canadian Wildlife Health Cooperative (CWHC). Organs were harvested for virus isolation. Some tissue was also preserved in 10% neutral buffered formalin for histological analysis. The 28 bat samples to determine the prevalence of EfHV were obtained from the University of Winnipeg.
Virus isolation
Tissues were screened for virus using a standard virus isolation protocol. Various tissues of the bat were placed in 250 µl Dulbecco's modified Eagle's medium (DMEM, Corning/Mediatech, Manassas, VA) supplemented with 10% foetal bovine serum (Sigma-Aldrich, Oakville, ON) and penicillin, streptomycin and amphotericin B (AntibioticAntimycotic, Gibco, Grand Island, NY) in tubes containing a stainlesssteel ball and silica beads. The tubes were agitated at 30 Hz for 4 min (Retsch Mixer Mill, Haan, Germany) followed by centrifugation for 3 min at 16,000×g. The supernatants were added to E. fuscus kidney (EfK) cells suspended in 2.5 ml DMEM supplemented with 50 µg/ml gentamycin, 1 µg/ml TPCK trypsin (Invitrogen, Carlsbad, CA) and 0.2% (w/v) bovine serum albumin (Sigma-Aldrich, Oakville, ON) (TPCK medium). The mixture was added to wells of 6 well plates (Greiner Cell Star, Monroe, NC). After 4 days, freshly dispersed EfK cells were added to each well. One week later, the cells and supernatant from each well were collected. Portions were saved for RNA extraction, and future inoculation and reinfection of EfK cells. Four days later, discrete areas of rounded up cells were observed. When all cells had rounded up and detached from the monolayer, the cells were collected and a portion of cells were fixed with glutaraldehyde for electron microscopy.
Virus was further propagated in EfK cells. To purify virus, culture supernatant was separated from the cells and debris by centrifuging twice, 850×g for 5 min each. Cells were washed and resuspended in PBS containing 0.5% (v/v) Tween 20 (Fisher Bioreagents, Hampton, NH) and kept on ice for 10 min. After vortexing for 30 s, nuclei were removed by centrifugation and supernatant added to the previously collected culture supernatant. Cell debris was removed by centrifuging at 10,000×g for 15 min. The supernatant, containing the virus was then centrifuged at 80,000×g for one hour. The pellet was then resuspended in TNE buffer (0.01 M Tris (pH7.5) 0.001 M EDTA and 0.15 M NaCl) overnight at 4°C. Concentrated virus was placed on electron microscope grids, fixed in glutaraldehyde and processed further for electron microscopy (negative staining).
Polymerase chain reaction
Pan-herpesvirus nested PCR was done using multiple primers as previously described (Ehlers et al., 1999) . Qiagen TopTaq DNA polymerase (Catalog No. 200203 ) was used for setting up the reaction as described by the manufacturer. The denaturation, annealing and extension conditions for the first and second reaction were 94°C for 30 s, 47°C for 30 s and 72°C for 1 min (39 cycles). Initial denaturation was done at 94°C for 3 mins and final extension was 72°C for 10 mins.
Degenerate primers used for cytochrome B PCR (Table 3 ) and the denaturation, annealing and extension conditions were same as the previously described PCR, except the annealing temperature, which was 45°C. To screen for EfHV infection in big brown bats we amplified a portion of the BGLF4 (Protein kinase C-like superfamily) gene (Table 3) . As a positive control, EfHV genomic DNA was added and a control without template DNA was also included. The denaturation, annealing and extension conditions were same as for previously described PCRs, except the annealing temperature, which was 60°C.
Electron microscopy
Virus infected cells, which were fixed using glutaraldehyde, were processed for electron microscopy. Samples were then treated with osmium tetroxide (1% OsO 4 , 0.1 M sodium cacodylate buffer) for one hour at room temperature. Samples were quickly rinsed with water, gradually dehydrated in ethanol and en-bloc stained with uranyl acetate. After rinsing three times (5 min each) in propylene oxide, samples were infiltrated with Epon/Araldite (electron Microscopy Sciences, Hatfield, PA). Samples were placed in molds and freshly prepared Epon/Araldite was added. The samples were then polymerized at 60°C for 24-48 h. Sections of 90 nm were cut and observed by transmission electron microscopy (TEM -Hitachi HT 7700, Tokyo, Japan). For the negative staining, a 300 mesh formvar/carbon grid was suspended on a drop of specimen for 1 min, after which the grid was passed through two drops of water to rinse it over a period of 40 s. The grid was then suspended on 0.5% phosphotungstic acid for 1 min. The excess stain was blotted followed by drying of the grid. It was then viewed under TEM.
4.6. Restriction endonuclease site analysis and pulse-field gel electrophoresis
EfHV DNA was digested using EcoRI, BglII, ClaI, SwaI, SpeI, PacI or PmeI restriction endonucleases at 37°C for 1 h. The digested DNA fragments were separated in a 1% agarose gel by electrophoresis in 0.5× TBE buffer at 14°C for 20 h on a CHEF-DRIII electrophoresis system with an initial switch time of 2.16 s, a final switch time of 54.17 s, a 120°switch angle, and a gradient of 6.0 V/cm. Salmonella enterica serotype Branderup and 1 Kb Plus ladder (Invitrogen) was used as a reference ladder. Following electrophoresis, the gel was stained with 600 ml of distilled water containing ethidium bromide for 20 mins and de-stained with 600 ml of distilled water for 20 mins. DNA fragments were visualized with AlphaImager HP (Fisher Scientific) and photographed.
Sequencing and assembly of the EfHV genome
To extract EfHV DNA, purified virus in TNE buffer was incubated with SDS (0.5% (w/v)) and Proteinase K (400 µg/ml) at 37°C for 1 h. After extraction with Tris saturated phenol: chloroform (Gibco, Grand Island, NY) DNA was recovered by spooling in ethanol. DNA was initially dissolved in TNE buffer and its integrity confirmed by electrophoresis on a 0.5% agarose gel. For paired-end sequencing on the MiSeq platform, the viral DNA was re-precipitated and suspended in 0.01 M Tris (pH 7.5). The quantity and quality of DNA was assessed using Nanodrop and Bioanalyzer (DNA 1000 chip, Agilent Technologies). A genomic DNA library was prepared using the Nextera XT kit (Illumina, Inc., San Diego, CA) which was then sequenced on a MiSeq system (Nextera XT kit) (Illumina, Inc., San Diego, CA) to generate 250 bp paired-end reads.
For Nanopore sequencing, 1-dimensional genomic DNA sequencing was performed on a MinION device (Oxford Nanopore technology, Oxford, United Kingdom). Genomic DNA library was made based on the protocol provided by Oxford Nanopore Technologies.
De-novo assembly was first performed only using the MiSeq reads and the Geneious assembler (Kearse et al., 2012) . Open reading frames (ORF) were predicted by MacVector software (Rastogi, 2000) . The translated amino acid sequences of the ORFs were compared to all existing amino acid sequences in the NCBI database using BLASTp (Altschul et al., 1990 ) to determine whether they matched known proteins. Using these ORFs as a reference, we selected the longest forward and reverse long-read from the MinION reads which had several overlapping ORFs. By aligning the pair of reads, we were able to obtain the scaffold of the EfHV genome. We re-mapped all the Mi-seq and Minion reads onto this scaffold to improve the quality of the sequence. After mapping, we selected the consensus of all the mapped reads onto the EfHV scaffold.
The accuracy of the finally assembled genome was confirmed by matching restriction enzyme recognition sites with sizes of fragments observed in pulse-field gel electrophoresis.
Virus quantification
For testing susceptibility of cell lines for EfHV, 3T3, EfK, MDCK, MDBK, CRFK, BHK21, PK15, RK13, HEK293, Ederm and Vero cells (all, except for EfK3 cells were originally obtained from the American Type Tissue Culture Collection) were cultured to test susceptibility of mouse, bat, canine, bovine, feline, hamster, porcine, rabbit, human, equine and monkey respectively. The species from which the cell lines originated was confirmed by sequencing fragments of the cytochrome B gene obtained by PCR using the primers mentioned above. Cell monolayers on 12-well plates were infected with EfHV with an MOI of 1 pfu/cell for one hour at 37°C. After infection, the monolayer was rinsed with citrate buffer (40 mM citric acid, 10 mM KCl, 135 mM NaCl, pH 3) for 1 min to inactivate extracellular virus and then rinsed again with PBS to remove the citrate buffer (Highlander et al., 1987) . Cells were then incubated in complete medium at 30°C. A set of plates representing all cell lines was frozen (−80°C) as the time=0 samples. Forty-two hour later all other plates were frozen at −80°. The plates were frozen and thawed three times, and cellular debris was removed by centrifugation (300×g for 5 min). The supernatant was collected and assayed to determine TCID 50 .
To assay for virus, samples were serially diluted (10-fold dilutions) in DMEM and 50 µl added onto a monolayer of EfK cells in a 96-well plate. After 1 h of infection, 100 µl of complete media was added and plates incubated at 37°C. Plaques were counted on an inverted microscope after 4 days. TCID 50 was calculated using the Spearman and Kärber method (Kärber, 1931; Spearman, 1908) using the algorithm of Hierolzer and Killington (Hierholzer and Killington, 1996) . The assays were done in triplicate.
EfHV growth curve
Bat (EfK) cells were seeded in a 6-well plate and infected with EfHV for an hour followed by inactivation of extracellular virus by citrate buffer. Supernatant and cells were harvested by freeze-thawing thrice at 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24, 36 and 48 h after infection. Cellular debris was removed and virus titre (TCID 50 ) was determined on EfK cells.
Mass spectrometry (MS)
Polypeptides from purified virus were separated by SDS-PAGE using 10% acrylamide gel. The gel was stained with Coomassie blue (Thermofisher Scientific, Burlington, ON) and all visible bands excised. The gel segments were sent to the University of Alberta Proteomics and Mass Spectrometry facility for MS. The results were matched against a database created using the translated ORFs of EfHV as determined from the assembled genome.
Serum neutralization assay
Bat plasma was heat inactivated at 56°C for 30 mins. 800 pfu/well (50 µl) of EfHV was added to equal volume of 1/10, 1/20, 1/40, 1/80, 1/160 and 1/320 dilution of plasma from big brown bats and the mixture was incubated at 37°C for an hour. After the one hour incubation, 100 µl of the mixture was added to EfK monolayer cells that were rinsed with PBS. Cytopathic changes were microscopically observed after 48 h. As controls, "no virus and no serum" was used as a negative control and "only virus" was used a positive control.
EfHV infection, RNA extraction, cDNA synthesis and quantitative real time PCR
For studying the Viral MHC gene and IL10 homolog expression, a monolayer of Bat cells (Efk) in a 6-well plate were infected with EfHV at a MOI of 5 pfu/cell. Uninfected bat cells were used as a negative control. RNA was extracted after 18 h using QIAGEN RNAeasy kit (Qiagen, Hilden, Germany) as per manufacturers protocol. cDNA was prepared using iScript gDNA Clear cDNA synthesis kit (BioRad, Hercules, CA) as per manufacturers protocol. A no reverse transcriptase control cDNA was prepared and used to rule out amplification of genomic DNA. Real time PCR was performed using 10 µl SsoFast Evagreen supermix (BioRad, Hercules, CA) and 2.5 µl of 4 µM of forward and reverse primer for MHC-I (873-1745), MHC-I (3692-4018), MHC-I (4118-4414), MHC-I (5477-6247), MHC-II (6437-6895), and Interleukin 10 homolog (Table 3) . Denaturation was at 95°C for 5 s and, annealing and extension at 60°C for 5 s for all primer pairs. The products were analysed on an agarose gel and were also sent for Sanger sequencing (Macrogen, Rep. of Korea).
Phylogenetic analysis
Analyses were performed at the level of encoded amino acid sequences of glycoprotein B and DNA polymerase selected based on (Escalera-Zamudio et al., 2016) (Supplementary Table 1 ). Sequence were aligned using ClustalW (Li, 2003) and the portion of amino acid sequence that corresponded to previously available bat Gammaherpesvirus sequences were used for the phylogenetic analysis. We determined the most appropriate amino acid substitution model using ProtTest 3.4.2 (Darriba et al., 2011) . Maximum likelihood (ml) trees were constructed using MEGA7 (Kumar et al., 2016) . Using Le and Gascuel model and a gamma distribution (G) of variation with invariant sites (I), we constructed trees for the glycoprotein B gene whereas the same model with gamma distribution alone was used for DNA polymerase gene (Le and Gascuel, 2008) . Bootstrapping with 500 replicates was used to estimate the confidence of the tree nodes. Phylogenetic trees for the MHC genes were also constructed in a similar manner. The model of evolution used for MHC-I (1) and MHC-II was WAG model (Whelan and Goldman, 2001 ) whereas for MHC-I (2), (4) and (5) was JTT model (Jones et al., 1992) .
